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efficacy, contrast it with a control or standard treatment, and replicate findings. 1, 2 This is challenging in OT and PT because rehabilitative treatments are multifaceted, involve many different professions, and, as such, are difficult to quantify. 3 As a model for rehabilitation research, Whyte and Hart 4 recommend the model of psychotherapy research in developing and testing theoretically based treatments. 4 They observe that the fields of psychotherapy and rehabilitation have analogous challenges in attaining and demonstrating treatment fidelity because both types of interventions are inherently difficult to quantify and are dependent on the clinician's delivery and interactions with the patient. 4 Despite these challenges, psychotherapy research has come to a consensus for addressing treatment fidelity in clinical trials, and, as a result, this field has been successful in developing evidence-based treatments in many contexts. Much of this success is owed to methods to attain and demonstrate treatment fidelity, which result in a more consistent application of skills and knowledge. 5, 6 These methods include the development of treatment manuals and corresponding scales of fidelity and therapist training and supervision techniques. 2,7Y9 The psychotherapy field has come to such a consensus regarding the value and importance of these treatment fidelity methodsVmanualization of treatment, training and supervision techniques, and measuring treatment fidelityVthat a psychotherapeutic intervention will not be considered evidencebased unless published studies have addressed these treatment fidelity issues. 10Y12 Similar methods should be feasible in rehabilitation research. For example, OT has historical roots in mental health, and its supervision texts cite psychotherapy supervision models for the education of fieldwork students. 13 There have been calls to address treatment fidelity in OT and PT, as well as in other rehabilitation disciplines, 2,14Y21 but to move forward in developing and improving evidencebased OT-and PT-based treatments, methods need to be established to attain and demonstrate treatment fidelity for these treatment modalities.
Treatment fidelity comprises two key aspects: (1) treatment integrity, that is, demonstrating that therapists carry out the intervention with adequate levels of adherence and competence to the treatment model or protocol and (2) treatment differentiation, that is, ensuring that the experimental intervention condition differs from a control condition (i.e., showing much higher adherence and competence to the treatment model). 22 Adherence refers to the degree to which therapists deliver the intervention as it is specified in the manual, whereas competence refers to the skill with which these techniques are implemented. 23 To clearly demonstrate that their interventions attain aspects of treatment fidelity, researchers must collect and examine measurable treatment features such as therapist statements and therapy duration, repetition, or intensity and abstract features such as therapist empathy, demeanor, or style. Such a measurement then becomes an important way of not only demonstrating but also providing feedback to attain adequate treatment integrity. Therefore, attainment of treatment integrity is a process that begins with the development of the treatment protocol, training, and supervising therapists to deliver the intervention, measuring their adherence and competence to the protocol, and, finally, using measurement results to provide targeted supervision to therapists to further enhance adherence and competence. Treatment differentiation can be demonstrated by measuring and comparing adherence and competence to the new treatment intervention of both trained therapists and standard-of-care or untrained therapists. 22 Researchers in behavioral medicine have reviewed the use of treatment fidelity methods in outcomes research and found that many studies have not verified the two aspects of treatment fidelity. 24Y26 The absence of demonstrating treatment fidelity can undermine the internal and external validity of outcomes studies, posing major obstacles to the development of new rehabilitation methods. 1,2 Some researchers have reported assessing treatment fidelity in OT and PT interventions. Bovend'Eerdt et al. 27 described how low therapist adherence to a novel PT and OT program of motor imagery to improve functional task performance restricted conclusions researchers could draw on the efficacy of the treatment. Leeuw et al. 20 reported designing and using successful methods for assessing treatment delivery and treatment differentiation in a study of interventions for chronic low back pain.
We report here on a treatment development project that provided an opportunity to develop and test methods for training, supervision, and treatment fidelity testing for OT and PT and discover what could be successfully applied to measure and optimize treatment integrity and demonstrate treatment differentiation. The purpose of this report is to (1) describe the development of training and supervision methods applicable to occupational and physical therapists carrying out rehabilitation research and (2) present a data-driven model for attaining and demonstrating treatment fidelity.
METHODS
We carried out a treatment development project, BEnhanced Medical Rehabilitation[ (EMR), from 2009 to 2011. 28 The project's goal was to develop an OT-and PT-based intervention protocol that provided high-intensity and high-engagement daily therapy to improve depression and functional outcomes for older adults who are in short-term skilled nursing facilities (SNFs) after a disabling medical event. The present manuscript focuses on optimizing the manual, training and supervision, and fidelity testing. Details of the EMR intervention are available elsewhere. 28 
Manual Development
Daily OT and PT in EMR were designed to be much more physically intense, more cognitively stimulating, and more emotionally engaging than standard therapy, thereby overcoming depressionrelated barriers (e.g., amotivation, passivity) to rehabilitation success. To accomplish this, all study participants' OT and PT sessions had three interacting components: a patient-directed approach, high-intensity activities, and frequent feedback on effort and progress. These interacting components, described further below, were the foci of the manual and subsequently were foci of training and supervision of therapists and of treatment fidelity measurement.
1. A patient-directed approach may improve patient participation and have antidepressant effects, as is embodied in problem-solving therapy concepts. 29Y32 Therefore, therapists were taught to have the patient decide which goal to work on and which activities to perform and to elicit the patient's input on solutions to identified problems. 2. There is evidence that high-intensity OT and PT is better at reducing disability and may provide antidepressant effects because it involves more vigorous activity. 33Y35 Therefore, therapists were trained to maximize intensity by monitoring intensity, encouraging more rigorous activities, and increasing activity intensity (e.g., add weight or complexity to an activity or exercise). 3. For patients to benefit maximally from rehabilitation, they must be actively engaged in the process, which requires them to believe that therapy is beneficial and that they are able to achieve therapy goals. 31 Therefore, we trained therapists to make frequent comments on the patient's effort and progress and to review this systematically with the patient.
The research team included faculty members in OT, PT, psychology, geriatric medicine, social work, and psychiatry. The process of defining and refining the components of EMR was undertaken via weekly investigator meetings to agree on the treatment protocol and create a manual. Unlike psychotherapy manuals, the EMR manual was mainly a single page prompt sheet (see BAPPENDIX 1[), along with a nine-page manual of examples. The prompt sheet (personalized for each patient) listed the key components of the intervention, similar to a checklist used in implementation studies involving infectious disease control or operating room procedures. 1, 36 Training and Supervision Four registered and licensed therapists (OT, OT assistant, PT, and PT assistant) employed by an SNF, volunteered to provide the EMR protocol to study participants. The therapists ranged from 29 to 45 yrs of age with between 5 and 25 yrs of experience in the SNF setting. Initial training of therapists included a discussion of theoretical underpinnings of the protocol with research team members, reading the manual draft, and a 1-day training to review specifics of the intervention. The study coordinator videotaped therapy sessions for review by team members. The weekly team meetings focused on evaluating the therapists' fidelity to the protocol by viewing preselected segments of recordings and on revising the manual as needed. The video reviews served multiple purposes: to highlight therapists' fidelity successes or failures, to offer feedback to the therapists, and to identify simplifications and clarifications to the manual or procedures. At the conclusion of the pilot study, interviews were conducted with the supervisors and SNF therapists with the aim of uncovering both successful and problematic training and supervision methods.
Treatment Fidelity Measurement
After the research team members came to a consensus on a treatment manual and training and supervision techniques, we developed a checklist to rate treatment adherence and competence that quantified the following behaviors that are consistent with EMR: (1) the frequency with which the therapist performed specific tasks during the session, (2) therapist-patient communication, and (3) competency items (scored as low, medium, or high competence). The research coordinator, supervising OT (M.W. Hildebrand), and supervising PT (H.H. Host) developed scoring criteria for each item on the adherence and competence checklist. To measure both treatment integrity and treatment differentiation, we rated a total of 60 therapy sessions: 35 EMR sessions (18 OT, 17 PT) conducted by the four therapists who were trained and supervised in EMR and 25 standard therapy sessions (11 OT, 14 PT) carried out by ten therapists at the same SNF who were not trained in EMR. These observations for fidelity ratings were done weekly at random, approximately 12 mos after the therapists' initial training in EMR and while they continued to receive ongoing supervision. All sessions were videotaped and rated independently by the research coordinator. To determine the interrater reliability of the treatment fidelity measure, the supervising OT rated all OT sessions and the supervising PT rated all PT sessions, and their ratings were compared with the research coordinator's ratings of the same session.
RESULTS

Development of Training and Supervision Techniques
One of the goals of the pilot study was to develop robust methods for the training and supervision of therapists to ensure accuracy and consistency and to minimize Bdrift[; therefore, these techniques evolved based on early successes and failures. Doctoral-level faculty in OT and PT (M.W. Hildebrand and H.H. Host) trained and supervised the SNF therapists, consistent with recommendations in psychotherapy supervision guidelines. 8 The first step in training was to distribute the first and ensuing drafts of the treatment manual to the SNF therapists to study and implement. Soon thereafter, the supervisory OT and PT carried out training sessions in which they observed therapy, provided feedback, and modeled new techniques.
Videotaping sessions is not standard in OT and PT supervision (either in research or elsewhere), but it is a central part of psychotherapy supervision. 8 Videotaping provides a direct observation of actual therapy practices, and we decided to adapt it for OT and PT to provide supervision and carry out treatment fidelity monitoring. We did not video all therapy sessions because of limited resources and feasibility concerns. We randomly chose and videotaped one OT and one PT session per week for each study participant for the research team to generate feedback that the supervising OT and PT provided at weekly meetings with SNF therapists. Audio recordings substituted for videotapes of OT sessions when there were patient privacy concerns during performance of activities of daily living (e.g., bath-ing and dressing). SNF therapists reported unease with the taping initially but acclimated to it quickly. Research subjects reported no concerns. It was necessary to place a microphone on the OT or PT to hear the therapy techniques clearly, and it was necessary to have a research staff member present at all times during the videotaping to ensure that therapy activities were actually caught on tape. One advantage of this was that the research staff could also directly observe the therapy while videotaping and report back to the supervising OT and PT any concerns. The three theoretical components of EMR led the research team to recommend training therapists in specific techniques. We trained therapists to ensure that a patient directed approach with techniques such as giving choices of which activities to perform in each session and to reduce directive language (e.g., BThis morning in OT, you will work on bathing and dressing yourself.[) We trained therapists to get patients to perform activities at a higher intensity with techniques such as minimizing Bdown[ time and not limiting patients by asking them to perform an arbitrary number of exercise repetitions (e.g., BDo 10 repetitions of biceps curls with this 1 pound weight.[) We trained therapists to give feedback to the patient on effort and progress such as commenting when the patient was working hard enough to achieve a training effect or when activities (e.g., dressing) were getting easier to perform as an indication of progress.
Supervision methods evolved based on the research team's observations and the understanding that the initial training, by itself, would be insufficient to ensure treatment integrity. Therefore, weekly group meetings (30 mins) were held for the duration of the pilot study for the four EMR SNF therapists and alternately led by the supervising OT and PT. Weekly meetings were structured and focused on reviewing one or two intervention concepts. We addressed problems that had been identified by the research team (e.g., during videotaping), showed video clips to highlight examples of excellent adherence, performed role plays to rehearse ways to improve treatment delivery, and devoted a portion of each meeting to therapists' concerns about current study patients and to problem solving on barriers to participation in therapy. Qualitatively, the research team and the SNF therapists were satisfied with these techniques.
In addition, to ensure that feedback was given in a timely and consistent manner, the supervising OT and PT continued weekly direct observations of sessions and gave feedback immediately after these sessions regarding the adequacy of treatment fidelity and any concerns. We also continued to videotape sessions as backup for missed direct observations and for fidelity rating.
Supervision of therapists that is designed to attain high treatment fidelity in a research protocol is atypical for rehabilitation disciplines. Therefore, throughout the pilot study, the research team (which included several mental health experts) provided oversight and suggestions to the OT and PT supervisors (M.W. Hildebrand and H.H. Host) on their supervision techniques. As part of this, the 30-min weekly therapist supervision meetings were videotaped and reviewed by the lead researcher for 3 mos. Therefore, we also had Bsupervision of the supervisors,[ in which the team discussed the content and structure of the weekly supervision meetings, reviewed good practices based on psychotherapy supervision and other management principles, and highlighted examples of good supervision techniques. After 3 mos, the supervisors were sufficiently comfortable with the supervision techniques that these additional reviews became unnecessary.
Development and Validation of a Treatment Fidelity Measure
A validated adherence and competence measure in which a member of the research team systematically rates directly-observed therapy sessions using a scale that closely follows the principles of a treatment manual is considered critical in psychotherapy research. 37, 38 This scale performs two important tasks in a clinical trial: (1) verification of treatment integrity via a reliable method to measure attainment and maintenance of sufficient levels of protocol adherence and competence and (2) collection of data for evidence of treatment differentiation from the control treatment. 1, 39 We developed an objective fidelity measure to measure adherence, in which raters (independent members of the research team) tallied when an EMR principle was observed. After measuring adherence, the raters then gave subjective competence ratings with respect to the three treatment components: using a patient-directed approach, high-intensity activities, and continuous feedback on effort and progress. BAPPENDIX 2[ shows the final treatment fidelity measure. The results here focus on the fidelity measurement of observed EMR principles; fidelity data for the missed opportunities and fidelity violations are available upon request.
The treatment fidelity measurement also provides a framework and data for supervision. We were able to use this instrument not only to collect data on therapists' treatment integrity, but also as a supervision tool to provide feedback to SNF therapists, either reinforcing areas in which they were showing good adherence and competence or targeting further supervision in areas where they were showing inadequate adherence or competence.
To demonstrate the interrater reliability of the treatment fidelity measurement, two study investigators independently rated each session using the adherence and competence scale (one investigator rated the session in person, and the other rated a video recording of the session). We measured EMRtrained and supervised SNF therapists' sessions as well as the SOC comparison group therapists' sessions (n = 60; 29 OT and 31 PT sessions). Because we found that adherence data seemed bimodal, appropriate cutoffs were determined and Kappa statistics were calculated as an index of interrater reliability. Kappa values ranged from 0.24 to 1.00 on adherence items, with acceptable Kappa values of 0.70 or greater in 4 of 12 items in OT sessions and in 6 of 12 items in PT sessions. When Kappa values were low on a particular item, we evaluated its importance to the core treatment principles and determined whether we should retain the item and rewrite it and/or recalibrate our rating criteria to achieve greater interrater reliability or, if the item was deemed less important, leave it out of subsequent rating forms. As an example, our measurement of one item, Bensured patient understood link between activity and goals,[ initially had Kappa values of 0.62 in PT and 0.49 in OT sessions; this suggested that our measurement of this item required further calibration. Therefore, we re-examined this item and established that it exemplified two core principles (patient-directed approach and feedback on effort and progress) and needed to be retained. We redefined the rating criteria to achieve higher interrater reliability (i.e., BDid therapist ask patient to explain how the activity related to goal?[). Similarly, we removed some items from interrater reliability measurement because they were too difficult to rate (e.g., Bmissed opportunity to guide patient to more rigorous activity[) or they did not occur frequently enough for analysis (e.g., Bdealt appropriately with a patient_s emotional distress[). In this way, we found this process useful for further defining the intervention itself.
The three competence items were rated on a 1 to 3 scale representing low, medium, and high competence for each of the three core principles of EMR. We achieved an acceptable Kendall's Tau of 0.70 or greater in two of three competence items in OT, Bpatient-directed approach[ and Bhigh intensity,[ and in three of three items in PT. Based on these reliability data, we further refined the assessment of Bfeedback on effort and progress[ in OT but did not otherwise change our measurement.
Testing Treatment Fidelity with the Adherence and Competence Measure
Once the treatment fidelity measure was finalized, we assessed treatment integrity and treatment differentiation by examining the mean number of times a therapist behavior occurred (e.g., Bgave feedback on effort[) and the mean competence scores in therapy sessions in both the EMR group and the standard of care group. Figure 1 displays levels of adherence and Figure 2 displays levels of competence on the three EMR core treatment components, for all therapists. As the figures show, sessions conducted by EMR therapists included components of the treatment model at a significantly higher frequency and with significantly higher levels of competence than sessions conducted by SOC therapists.
DISCUSSION
In this study, we successfully developed empirically tested methods for therapist training, supervision, and treatment fidelity monitoring in a rehabilitation intervention study involving OT-and PT-based treatment. We trained and supervised therapists to an adequate level of adherence and competence with a protocolized intervention, and we were able to demonstrate this adequacy of treatment fidelity using a validated measure. The adequacy of treatment fidelity was demonstrated by the therapists showing good treatment integrity (i.e., high levels of adherence and competence) and treatment differentiation (i.e., much higher levels of adherence and competence than nontrained therapists). Moreover, we were able to develop and successfully apply these training, supervision, and treatment fidelity measurement techniques with OT and PT staff members from an SNF who themselves were not researchers. We conclude that these techniques are a critical step in the development and testing of evidence-based rehabilitative intervention; therefore, these methods have great potential for use in rehabilitation research.
Treatment manuals do not prevent drift. 1 Our initial training techniques of asking therapists to read the treatment manual and of modeling new techniques were insufficient to achieve and maintain adequate treatment integrity. To define the EMR intervention and train the SNF therapists in it, the development of training and supervision procedures was an essential first step. The treatment protocol needed to be simplified to a brief prompt sheet, accompanied by a brief manual; supervision then focused on heavy repetition to recall and use these prompts. We successfully used direct observation and feedback, group supervision meetings, videotaping, role play, the one-page prompt sheet, and adherence and competence forms to rate therapists. Our most effective supervision meetings were structured, led by either the supervising OT or PT, focused on one or two topics of concern, and highly repetitious of these concepts.
As for direct observation and videotaping, we recommend that they be initiated early in the pilot phase of treatment development to allow therapists to become comfortable with them. We assume that videotaping and direct observation by research team members made therapists more conscious of the way they interacted with patients and improved therapy in both EMR and SOC therapists. We did not find that videotaping and observation improved SOC therapists' adherence and competence ratings over time, but EMR therapists, who also received feedback and training, achieved significantly better adherence and competence ratings. We assert that videotaping and direct observation by research team members did not negatively influence results of the study.
Although short video clips can illustrate appropriate treatment techniques, we also found that case studies with discussion and role play were similarly helpful while being less time intensive. We conclude that both video clips and case studies should be developed during a pilot study and used for training and supervision in subsequent RCTs. We found that direct in-person observation and videotaping of treatment sessions were also essential both to attain treatment fidelity and to prevent drift. Direct in-person observation provided the opportunity to give immediate feedback to treatment implementers, thus quickly correcting errors, whereas videotaping allowed for a more thorough observation of treatment (because the researcher can review segments multiple times).
To rate the treatment integrity of therapists, the first aspect of treatment fidelity, we were successful in measuring adherence by tallying observable statements and actions by therapists that demonstrated intervention principles as outlined in the prompt sheet. Although closely related to adherence, the competence rating was a more subjective analysis of therapist administration of the three components of EMR. With this rating, we were able to take into consideration therapist skills that were not amenable to tallying such as giving the patient appropriate activity options, motivating the patient to engage in vigorous activity, or providing feedback in an effort to encourage participation in therapy. Using the adherence and competence ratings forms enabled us to supervise SNF therapists and to give them objective and consistent feedback and led to improved treatment fidelity. We also found that the measurement of reliability of the treatment fidelity scale was useful for further defining the intervention itself. Using a validated adherence and competence checklist and high treatment integrity, researchers can have greater confidence in the results of their research and also be able to demonstrate this to the scientific community. Doing so is considered an essential part of developing and testing an evidence-based behavioral intervention. 10Y12 We also demonstrated differentiation, the second aspect of treatment fidelity, between SOC and EMR sessions. We were able to demonstrate large differences in the use of EMR intervention components (e.g., patient-directed approach, high intensity, and feedback on effort and progress) between the EMR-trained therapists and nontrained therapists. Therefore, our data show that research quality training and supervision of therapists can be successful and probably is necessary for OTs and PTs to achieve adequate fidelity with these or any principles underlying research interventions. As a result, we recommend continued testing of treatment fidelity throughout all stages of the research, including pilot and confirmatory RCTs, similar to methods in psychotherapy research. 40Y42 One limitation worth noting in this study was our use of nonblinded raters to collect fidelity data. This is acceptable in a treatment development phase, but we note that it is standard practice to use neutral raters in confirmatory RCTs to prevent bias. Although EMR therapists and SOC therapists were often treating patients in the same therapy clinical space, we did not address contamination issues.
Despite the ability to observe EMR therapists, our results showed that SOC therapists did not use the EMR techniques. Another limitation in our study was using a small number of therapists at only one SNF to develop training and supervision techniques and treatment fidelity testing methods. However, as our techniques and methods worked across disciplines (PT and OT) with therapists with a range of education and training and who were not themselves research staff, there is no reason to think that these techniques and methods would not be generalizable to other therapists and rehabilitation sites and contexts.
In summary, our experience with the development of a treatment manual, training, and supervision methods and with a tool to evaluate treatment fidelity provides an approach that rehabilitation researchers can use to ensure, measure, and demonstrate treatment fidelity in complex interventions. For OT, PT, and other rehabilitation fields to improve evidence in developing and improving new behavioral interventions, researchers, journal reviewers, and practitioners must consider these methods of treatment fidelity implementation, data collection, and reporting to demonstrate and evaluate the quality and outcomes of clinical trials.
